Computational fluid dynamic (CFD) is a simulation tool which utilizes the applied and computational mathematics for fluid flow regimes modeling to predict the heat, mass and momentum transfer behavior. In recent years, the solution's accuracy of the CFD simulations became within the acceptable range demonstrating that CFD is a valid tool for performance analysis and design development for many thermal-hydraulic systems. This encourages researchers to use it in the modeling of evaporation and condensation phenomena or two-phase flow with a vapor-liquid phase change process and mass and heat transports through the interface simulation which is one of the urgent difficulties in the solar stills development and analysis. The aim of this is to introduce a comprehensive review work of the highlights that have been made through the recent years for most important studies about the CFD approach as a tool for performance prediction and analysis in addition to design improvement and development for solar stills. This study is supported with a compact synopsis in the form of, computational domain (two or three dimensional), CFD software utilized, operating and geometrical parameter range, simplified assumptions and the better CFD results.
Introduction
Solar still (SS) been considered as an alternative desalination device for utilizing solar thermal energy to provide the isolated or remote areas by fresh water [1, 2] . SS, due to its design simplicity, is inexpensive compared with conventional desalination methods, which are rare and costly, which make it more generally utilized distillation devices of saline water can give fresh water to these isolated areas at small expenses. SS is an ecologically agreeable energy process that utilizes a renewable energy source to produce fresh water from the salty water by distillation process. A SS system has many favorable features over other desalination systems such as simple design,low fixed and running costs [3] .
In a SS, the system is loaded with saline water, which heated using thermal solar power to increase the water temperature to evaporation point. The resultant water vapor is isolated from salt and any contaminants or impurities and then cooled and condensed on the inclined glass cover. Water droplets stream toward a trough accumulation channel and are put away [4] .
Many reviews gave profitable summaries with broad reference indices of the historical design, development and performance augmentation of a SS a critical desalination system [3] [4] [5] [6] . Edalatpour et al. [7] exhibited the most recent numerical investigations on different types of SSs, including single slope, double slope, multi-effect, tubular. Elango et al. [8] performed a critical review of thermal models carried out for different kinds of SSs and modifications done to augment their performance throughout the years. Sharshir et al. [9] talked about various theoretical methodologies
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201 which have been utilized to assess the thermal performance and exergy analysis of SSs. Tsilingiris [10] introduced a considerable measure of consolidated theoretical and experimental studies done towards better comprehension of the interrelated heat and mass transport mechanisms in SSs.
As seen in the above literature, there are many experimental and theoretical studies have been done to assess the SS performance, however, very few efforts have been made about the investigation of the CFD approach yet which may be due to flow regime complication and computation process restrictions. With the advancement of the physical parts of the computer system in addition to numerical strategy, utilizations of CFD become able to do important studies in the SS field.
Nevertheless, in this paper, we will present a comprehensive review of the most important studies made through the recent years about the CFD approach as a tool for performance analysis and development for solar stills. The essential goals of this paper are:
• Introduce a survey of the CFD utilization in the studies related to solar stills.
• Assess the CFD ability to simulate the mass and heat transports through the two-phase interface inside the solar still cavity.
Prediction and analysis methods
A SS involves the physics of fluid flow, heat and mass transfer, which can be solved and analyzed utilizing experimental, theoretical or analytical and numerical or computational approach (i.e. CFD).
Experimental approach
The generality of reliable data about a physical system is regularly given by practical measurements. An experimental approach, involving full-scale model can be utilized to predict how the actual model in distinguishable reduplicates would implement under similar conditions. Due to the restrictive costly and regularly unbelievable, an alternative then is to carry out the experiments on small scale models. Moreover, the small-scale models don't generally simulate all the characteristics of the full-scale one; habitually, important characteristics. This also decrements the suitability of the test results. In the last, it must be known that there are a number of serious difficulties in the measurement process in many situations, and that the measuring devices are not without errors [11] .
Theoretical approach
A theoretical modeling can produce results as opposed to those of a real actual mode. For the physical processes of intrigue, the mathematical model fundamentally comprises of an arrangement of differential equations. If the methods of classical mathematics were to be utilized for solving these equations, there would be little hope of predicting many phenomena of practical interest. The simplifying assumptions are utilized in the theoretical modeling to make the problems easier to solve [12] .
Computational approach
Computational fluid dynamics or CFD is the analysis of systems, including fluid flow, heat transfer and related phenomena by utilizing the computer simulation and solving mathematical equations with the assistance of numerical investigation. The governing equations of the fluid flow are the continuity (conservation of mass), the momentum, and the energy (conservation of energy) equations which form a system of non-linear partial differential equations.
Due to the presence of non-linear terms, CFD is a solving method used discretization process which carried out by using a set of algebraic equations instead the differential equations governing the fluid flow. The commonly utilized discretization methods in CFD method are:
The CFD technique has many unparalleled merits over experimental approaches to the design of various fluid systems such as:
• Essential decreasing in required time and cost, • Capability for investigating systems when experiments are hard or unattainable to carry out (e.g., huge systems) • Capability for investigating systems under dangerous conditions (e.g., studies for safety and incident purposes) • Capability for giving practical boundless results details.
So, CFD is considered a useful tool in a SS design as well as in the optimization. CFD uses a very simple technique to perform the numerical solutions such as pressure distribution, temperature variations, flow parameters in a short time with low cost in comparison with experimental work [13] . There are a number of software in view of CFD codes have been carried out, few of them are: CFX, FLU-ENT, PHOENICS, FLOVENT, CFDRC-Esi and STAR-CD.
Numerical modeling assumptions
There are many of simplifying assumptions were successively considered on the basis of the just-described detailed model. These assumptions help in saving the calculation time or/and reduce the solution complexity level of the physical problem. The simplifying assumptions impacted in the whole way of the numerical solution such as:
• Domain description: the description of the numerical domain starts by deciding the domain geometry and dimensions which related to the still type and design in addition to studied model scale according to the experimental or other scales related to some considerations [11] .
• Mathematical formulation: the mathematical formulation and governing equations in this section are introduced in view of the essential physical equations.
For the thermo-fluid processes of the SS numerical domain, there are some assumption such as:
• Domain dimensions dependency; two-dimensional or three-dimensional.
• Flow behavior; laminar or turbulent.
• Time dependency consideration; steady or unsteady.
• Fluid idealization behavior; ideal gas or real gas.
• Thermodynamic and physical property values for gas, liquid and solid media; constant or fixed.
• Viscous dissipation or hydraulic friction; ignored or considered.
• Gas and water mixture homogeneity in the still cavity; homogeneous or heterogeneous (two phases).
Discussion about evaporation and condensation modeling
While CFD additionally holds an incredible guarantee for multi-phase flows, getting accurate solutions is significantly more difficult, not on account of each of the phases must be dealt with independently, but, in addition, various new and hard factors are presented [14] . In this section we will present a comprehensive discussion in view of a current literature aim to abuse past published numerical studies which were done under an extensive variety of operating conditions and number of simplified assumptions towards better molding of the coupled heat and mass transport mechanisms in SSs.
Dunkle [15] was the pioneer to introduce an entire mathematical formularization and a basic theoretical model for the forecast of heat and mass transfer processes in SSs. He assumed that the working fluid was nearby to saturation conditions, the appropriate thermo-physical properties associated with the pertinent heat and mass transport processes in SSs. This analysis depended on the description of the natural convection heat transfer in the SS cavity in view of the familiar dimensionless correlation Nu = 0.075 Ra 1/3 , for upward heat flow in horizontal spaces [16] . However, Dunkle's model has some constraints [15] : (1) It is autonomous of cavity volume (2) It was proposed in view of experimental data for temperature range between 55 and 70°C (3) The mean temperature contrast amongst water and glass is 11°C, (4) The slope of the glass cover was small (10°) (5) It was originally carried out for natural convection of air without evaporation [17] . Shawaqfeh and Farid [17] demonstrated that the Dunkle's model overpredicted the evaporation rate of water. They proposed two empirical relationships, in view of bulk motion and Chilton-Colburn analogy and demonstrated that, with a precise appreciation of plate absorptance, glass transmittance, and wind loss, the precision of their model is superior to Dunkle's model. Rheinlander [18] numerically built up a substitutional model for the solution of the heat, mass and momentum transfer equations in the SS cavity and obtained results which were fruitful contrasted and before work by Cooper [19] and Kumar and Tiwari [20] . An ensuing simplified analysis, which shows up more than once in the literature was also introduced by Malik et al. [21] , in view of similar simplified assumptions by Dunkle, prompting fundamental heat and mass transfer relationships, which were likewise then obtained utilizing Lewis relation. A generous number of theoretical and experimental studies also was done during the last years, which have unequivocally added to the best comprehension of the different coupled heat and mass transfer processes in SSs. The idea of solar fractionation was introduced and the investigation of the saline water layer depth impacts on heat and mass transfer conditions happening in passive and active SSs has likewise been studied [22] [23] [24] [25] .
As of late, there have been many studies gave to numerical simulations in view of the volume of fluid (VOF) technique in different conditions [26] . The VOF model is a surface-tracking method applied to a fixed Eulerian mesh. This strategy is published firstly by Hirt and Nichols [27] and later on by Rider et al. [28] . It is intended for at least two immiscible fluids where the position of the interface between the fluids is of interest. In the VOF model, a single set of momentum equations is shared by the fluids, and the volume fraction of each of the fluids in each computational cell is tracked throughout the domain. As the VOF strategy provides the possibility of tracking immiscible interfaces. In a VOF strategy, the volume and fractions are utilized to reconstruct a geometrical approximation to the interface with the single line interface construction method, Noh and Woodward [29] or the piecewise linear interface construction with the upwind scheme [30] .
In this study, many parameters describing the conduct of the water vapor inside SSs cavity were analyzed in light of numerical simulations utilizing VOF strategy, for example, the condensation process, flow shapes, rising trajectory, and humid air velocity.
Numerical models and methods

Models in view of developmental codes
Rheinlander [31] utilized the FDM to solve the governing equations in two dimensional model of a single basin, double slope (SBDS) type SS in unsteady state condition. Also, he utilized the k-ε model to solve the transport equation for the kinematic eddy (turbulent) viscosity of the fluid flow. He compared the computed values of the mass-transfer rate with those, measured by Cooper [32] in an experimental model of a SS with the same dimensions. He showed a good agreement between the numerical and experimental results with maximum error of 25%. Djebedjian and Abou Rayan [33] introduced a numerical investigation in view of the FDM on the performance prediction and augmentation in the single basin single slope (SBSS) type SS design utilizing a mathematical model in view of the time-averaged Navier-Stokes equations in steady state, two-dimensional. They have taken into consideration the impact of the variable fluid properties by utilizing a mixture of air and vapor in the SS. They utilized discretization schema with FDM. Their results unmistakably indicated different circulation zones with reverse velocity inside SS cavity. They additionally demonstrate the need to embrace a numerical investigation before SS sizing. Rahbar and Esfahani [34, 35] studied the free convection impact in a two dimensional SBSS type SS under steady state, laminar, and incompressible ideal gas conditions utilizing developed CFD code. They acquired a relationship to determine the HTC by convection in view of their numerical results. Their results demonstrated that, for a given aspect ratio, Ra directly affects Nu. On the other hand, at constant Ra, the value of Nu increments when the aspect ratio increments. Besides, they found that the greatest HTC is in the zone where flow directed downward from glass to water. They performed a comparison between the numerical, experimental results and the Chilton-Colburn analogy reported by Shawaqfeh and Farid [17] . Juárez et al. [36] investigated numerically the double-diffusive free convection and surface thermal radiation in an inclined space that simulates a SS. They utilized the FVM to solve the governing equations in two dimensional steady state conditions. They displayed the streamlines, isotherms, iso-lines of vapor and water mass flow rate in addition to average Nusselt (Nu) and Sherwood (Sh) numbers for various angles of the glass cover. Their results demonstrated that surface thermal radiation changes the fluid flow from one-cell to multi-cellular pattern because of the surface thermal radiation increments the velocity close to the walls, as a consequence the average convective Nusselt number, the total Nu and the Sh were incremented around 25%, 175% and 15%, respectively. The mass flow rate of distillate incremented as aspect ratio and cover angle increment. The results of the average Nu with different buoyancy ratios are compared with that introduced by Béghein et al. [37] and Sezai and Mohamad [38] with maximum error of 2.1%. Rashidi et al. [39] built up a CFD code to optimize the position and size of the segment inside a SBSS type SS. The segment was introduced independently at base surface and glass cover of the still to augment the performance and give adequate pathways to heat exchange and increment the still efficiency. Their optimization procedure was performed to decide the greatest value of the Nu as a response. Their code solved two-dimensional steady equations with laminar assumption utilizing a FVM. They demonstrated that the real optimized parameters for the maximum normalized Nu of base introduced segments are X' = 0.23 and Y' = 0.18. The results of Nu of the present study are compared with the published data by Rahbar et al. [34] with maximum error of 1.87%. Rashidi et al. [40] studied experimentally and numerically the impacts of segments in SS on performance recovery. They utilized their numerical simulation in view of the SIMPLE algorithm and various contours in two dimensional utilizing FVM. They found that the still with segments work at significantly higher temperature contrast amongst the water and the condensing zone particularly for the afternoon hours. In addition, the water production rate increments by introducing the segments in the still cavity. Rashidi and Esfahani [41] utilized the CFD simulation to determine entropy generation locally for the design improvement of a SBSS type SS. They utilized a numerical approach in view of the SIMPLE algorithm to simulate the double diffusive natural convection in the SS and solve the mass, momentum, energy, and concentration equations in two dimensional utilizing FVM. They studied the impacts of aspect ratio and temperatures of glass cover and water for various types of entropy generation containing frictional, diffusive, and thermal entropy generations. Their results demonstrated that an increment in various kinds of entropy generation was happening with an increment in the glass and water temperatures. In addition, the still with higher aspect ratio makes higher values of entropy generation than that of still with smaller aspect ratio. The results of Nu of the present study are compared with the published data by Rahbar et al. [35] with maximum error of 1.87%. Table 1 presents a summary of the previous computational studies in view of developmental CFD codes.
Models in view of CFD commercial codes
Palacio and Fernandez [42] carried out a numerical analysis to assess the technical feasibility of a single stage SS with a cover slope with a varied angle from 24° to 60° utilizing PHOENICS code. They utilize two dimensional numerical models in steady state with laminar and turbulent conditions of mixture flow. The point of their research was to calculate the still productivity and the relative significance of the heat and mass transfer mechanisms when water diffusion is insignificant and convection overwhelms. They showed that the incorporation of the turbulence equations in the mathematical model had its significant impacts for the cases where the tilt angle took the biggest values. Under these conditions, the computed heat flux was roughly 5% bigger than that calculated for laminar flow conditions. Likewise, their computed results were matched to the measured heat flux at a Prandtl number between 0.01 and 0.03, however, underestimate the heat flux by about 30% at Pr = 0.1. Abakr and Ismail [43] utilized FLUENT software package to simulate the condensation process inside one stage of the multi-stage evacuated SS desalination with two dimensional mixture model in transient conditions. They utilized the CFD simulation to consider the impact of the stage height on the still water production. They found that the impact of the characteristic height variation in the still estimated productivity was very strong on the productivity; as the height increments the productivity decrements essentially. Setoodeh and Rahimi [44] carried out a three-dimensional, twophase model for in SS by utilizing ANSYS-CFX software to simulate evaporation and condensation processes in view of VOF method. They determined the convective and evaporative heat transfer coefficients in view of Dunkle's correlation and Kumar and Tiwari model. They also found that by utilizing new HTCs evaluated for experimental results in CFD simulations, the rate of freshwater production did not vary significantly, but it affected water temperature results and decrements its error in comparison with previous simulation results. Panchal and Shah [45] made a three dimensional, two phase model for evaporation as well as the condensation process in a single slope traditional SS by utilizing ANSYS-CFX software. They compared between the experimental and simulation results with time variation which indicated that the deviations from the experimental measurements are 6% as well as 10.25% for production rate and water temperature respectively. Panchal and Shah [46] introduced a three-dimensional three-phase model of hemispherical SS for studying the evaporation and condensation process utilizing ANSYS CFD. They compared the water temperature and water productivity calculated from numerical solution with the experimental measurements with average errors for production rate and water temperature are 12% as well as 8% respectively. LeFevre [47] and LeFevre et al. [48] modeled and optimized pentahedron-shaped covers for application on a passive SS utilizing three geometries: single slope still with full vertical back and side walls and half-pyramid shaped cover with vertical back wall; cover tilt angle (ϕ) and (θ) were taken 15º, 30º and 45º. They utilized FLUENT to simulate two dimensional model for Grashof numbers from 4.0×10 3 to 1.0×10 9 (Grashof number range depends on the tilt angle) and predict the convection heat transfer correlations inside for a different operating conditions of a SS. Badusha and Arjunan [49] carried out numerically the condensation and evaporation process in view of liquid water volume fraction method in single slope SS. They solved a three dimensional, two phases, quasi steady-state condition, laminar flow model with FVM by utilizing ANSYS-CFX. The results of water productivity, water temperature, evaporation and convective heat transfer coefficients of the present study are compared with the experimental measurements with average errors for water productivity, water temperature, evaporation and convective are 15%, 2.57%, 5.5% and 3.01% respectively. Gokilavani et al. [50] modeled a conventional solar distillation utilizing three dimensional, two phases, quasi steady-state condition, laminar flow model. Temperature distribution of water and over the glass and salt water evaporation were simulated utilizing ANSYS-CFX. They introduced that the simulation results were similar to experimental results. Shakaib and Khan [51] carried out numerically an analysis of velocity and temperature trends and distribution of shear stress and heat transfer coefficient (HTC) in SBSS utilizing ANSYS-FLUENT in three dimensions with two phases, quasi steady state condition, laminar flow model. The results of Nu of the present study are compared with Nu correlation of Dunkle [15] with 30% error. Kumar [52] studied a multi-phase three dimensional CFD model of a single slope SS. His model simulated the temperatures at different positions inside the still cavity utilizing ANSYS-FLUENT. He utilized the mixture model as a multi-phase model to simulate the evaporation and condensation phenomena in the closed domain inside the SS. Also, he utilized the k-ε model with standard wall function in order to simulate the transport equation for the kinematic eddy (turbulent) viscosity of the fluid flow. The results of water productivity, water, glass cover and vapor temperatures of the present study are compared to the experimental measurements with maximum errors 13.33%, 1.5%, 1.87% and 2.8% respectively. Rahbar et al. [53] and Bafghi et al. [54] studied the ability of a two dimensional CFD simulation in computation of heat and mass transfer in a tubular SS utilizing ANSYS-FLUENT. They demonstrated that the CFD simulation introduced a recirculating area with a clockwise direction inside the still cavity. They performed new relations to estimate water productivity, HTCs and MTCs in the tubular SS which help to estimate water-productivity in different operational conditions. Their results also showed the inverse impact of glass temperature, and direct impact of water temperature on the performance of a tubular SS. Maheswari et al. [55] modeled a single basin, double slope SS utilizing solid works and CFD analysis utilizing ANSYS-CFX. They illustrated that the modeling of phase change and temperature distribution was because evaporation. Their results of the temperature of water calculated and the production rate were compared with experimental results with about 2.63% average error. Taamneh [56] carried out a numerical simulation focused on CFD analysis validation with experimental results utilizing a model of phase change interaction (evaporation-condensation model) inside two identical pyramid-shaped SSs utilizing FLUENT. One was filled with Jordanian zeolite-seawater and the second was filled with seawater only. They utilized a VOF model to simulate the inter phase change through evaporation-condensation between zeolite-water and water vapor inside the two SSs. They investigated the impact of the volume fraction of the zeolite particles (0 ≤ ϕ ≤ 0.05) on the heat and distillate yield inside the SS. Their study established the utility of utilizing the VOF two phase flow model to provide a reasonable solution for the complicated inter phase mass transfer in a SS. Their results of water productivity were compared with the experimental measurements with average errors 7%. Bait and Ameur [57] undertaken a numerical analysis regarding geometrical dimensions of a multi-stage SS to track multi-physics evaporation and condensation mechanisms indoor the distillation tower in three dimensional utilizing ANSYS-FLUENT software. Their finality was to optimize definitely its thermal performance for the purpose of a local manufacturing. Malaiyappan and Elumalai [58] carried out a three dimensional numerical analysis in view of CFD computations for the experiments conducted with three different single slope SS basin materials (glass, aluminium and galvanized iron) utilizing ANSYS-CFX solver. Their model captured the phase change interactions between the water evaporating into vapor at the liquid-gas interface and the condensing vapor into water droplets on the top glass surface. The comparisons of the experimental and their computational results for the same boundary conditions in CFD as that of the experiment which indicated that the average errors 5.26%. Arya and Sreenath [59] compared the performance of the SS with different temperature for feed water by considering with and without preheating of water in view of three dimensional numerical models utilizing ANSYS-CFX. They also determined instantaneous efficiency of the still in view of numerical results. Panchal and Patel [60] carried out a numerical model in ANSYS-CFX to simulate condensation as well as the evaporation process in SS by making models of the actual dimensions of experimental one. They also compare parameters affected performance and productivity. The results of productivity, outer glass cover, basin water, inner glass cover temperatures of the present study are compared with the experimental measurements with maximum errors for water productivity, outer glass cover, basin water, inner glass cover temperatures are 10%, 9.52%, 9.5%, 10.1% and 8.33% respectively. Khare et al. [61] carried out a multi-phase three-dimensional CFD model of a simple SS for simulation by utilizing ANSYS-FLUENT. Their simulation had been done for transient state to validate the results with experimental data for climate conditions. Their results of basin water and glass temperatures of the present study were compared with the experimental measurements with maximum errors for basin water and glass temperatures are 4.35% and 2.87% respectively. Rashidi et al. [62] proposed a VOF model by utilizing ANSYS-FLUENT investigate the potential of Al 2 O 3 -water nano-fluid to improve the productivity of a single slope SS. They utilized VOF model to simulate the evaporation and condensation phenomena in the SS for two dimensional model utilizing FVM. In view of their numerical results, the entropy generation was performed to evaluate the system from the second law of thermodynamics viewpoint. They also examined the impacts of the solid volume fraction of nano-fluid on the productivity and entropy generation in the SS. Their numerical results showed that the productivity of SS increased with an increase in the solid volume fraction of nano-particles. The productivity increases about 25% as the solid volume fraction increases in the range of 0%-5% because an augmentation in the average Nu. The results of water productivity are compared with the experimental measurements with maximum errors 16%. Table 2 presents a summary of the aforementioned previous computational studies in view of commercial CFD codes.
Discussion about appropriate selection of turbulence model
The literature survey reveals that the SS cavity is thermo-hydraulically system operates under the impact of viscosity. The correct simulation and analysis of mass and heat transfer inside the SS cavity utilizing a CFD approach needs an appropriate selection of turbulence model which is the biggest challenge in CFD modeling. No single turbulence model can be universally applied to all situations. Certain considerations must be taken into account while choosing an appropriate turbulence model. Important considerations in this regard are physically involved in the flow problem, desired level of accuracy and the availability of the computational resources [63] . Selection of a turbulence model depends upon the complexity of the problem and the desired accuracy of the result. Turbulence modeling is the structure and utilization of a model to predict the effects of turbulence by application a computational step. There are number of turbulence models in order to simulate the turbulent flows. Most commonly utilized turbulence models are: Standard k-ε turbulence model, Realizable k-ε turbulence model, Renormalization-group (RNG) k-ε turbulence model, Standard k-ε turbulence model, and Shear Stress Transport (SST) k-ω turbulence model. Wilcox [64] introduced the various strategies and models to simulate turbulence and their applications. So, keeping in your mind the complexity of your problem and the available time for simulations to select the suitable turbulence model for the simulation. Table 3 presents a summary of turbulence models utilized in numerical modeling of previous computational studies. It is clear from this table that most studies have applied k-ε modelling of turbulence for a mainly buoyant flow is explained elsewhere as well as the numerical treatment of the time dependent iteration process [65] .
Validation and verification of CFD models
Users and developers of computational simulations today face a critical issue: The confidence in modeling and simulation because different simplifying assumptions and numerical grid generation quality, and analysis of the influence of each one of the predicted results. Verification and validation of computational simulations are the primary methods for qualitative and quantitative comparison of CFD results with data from experiment, analytical solutions, and direct numerical simulations. Briefly, verification is the evaluation of the solution accuracy of a computational model by comparison with known solutions. Validation is the evaluation of the computational simulation accuracy by comparison with experimental results performed only for validation modeling or experimental and analytical results of similar case (in design, geometry and operating conditions) with the numerical domain, available in the literatures. In verification, the relationship of the simulation to the real world is not an issue. Invalidation, the relationship between computation and the experimental data is the issue. Stated differently, verification is primarily a mathematical issue; validation is primarily a physics issue [66] . So, the corresponding validity for the simplified modeling of the heat and mass transport phenomena is a very important effort. In this section we will present most valuable studies which may help us to more trust on computational and numerical tools utilized in SS modeling. It can be seen from the literature that the results achieved by numerical modeling had an agreement with experimental data with maximum error varied from 16% to 17%. There is always cause a discrepancy between the numerical and experimental results because the following reasons: The discrepancy is created by some experimental factors containing calibrating equipment for lab measurements, experiment accuracy, human errors, missing out some processes, etc.
1. The discrepancy is created by some numerical errors.
These numerical errors are created by considering some simplifying assumptions such as: 2. Two dimensional modeling. 3. Adiabatic conditions of SS side walls (zero heat loss) assumption. However, they were not completely adiabatic in the experiments,particularly in high operating conditions. 4. Laminar behavior of the mixture flow. However, the turbulence intensity is affected the SS productivity [42] . 5. Table 4 presents a summary of confidence in numerical modeling and simulation methods of previous computational studies. Table 3 Summary of turbulence models used in numerical modeling of previous computational studies Author Turbulence model Notable CFD analaysis results
Rheinlander [31] K-ε Model
Accepted results with maximum error of 25%. Palacio and Fernandez [42] K-ε Model Accepted results with maximum error of 30%. LeFevre [47] Not specified Accepted results with less than 37% error Kumar [52] K-ε Model Accepted results with maximum error of 13.33%. Khare et al. [61] Not specified Accepted results with maximum error of 4.35%. [32] in a laboratory model of a still using similarity laws with maximum error of 25%.
Djebedjian and
AbouRayan [33] Not specified Not specified
Not specified
Rahbar and Esfahani [34, 35] Validation Quantitatively comparison The solution obtained of Nu and water productivity has been compared with the experimental data studied by Shawaqfeh and Farid [17] of a still with the same dimensions with maximum error of 4.8% and 5.25% for Nu and water productivity respectively.
Juárez et al. [36] Verification Qualitatively and quantitatively comparison The results of average Nu with different buoyancy ratios are compared with that presented by Béghein et al. [37] and Sezai and Mohamad [38] with maximum error of 2.1%.
Rashidi et al. [39] Validation Quantitatively comparison The results of Nu of the present study are compared with the published data by Rahbar et al. [34] with maximum error of 1.87%.
Rashidi et al. [40] Not specified Not specified
Rashidi and Esfahani [41] Validation Quantitatively comparison The results of Nu of the present study are compared with the published data by Rahbar and Esfahani [35] with maximum error of 1.87%.
Palacio and
Fernandez [42] Validation Quantitatively comparison The heat flux from numerical solution is compared with the experimental measurements with maximum error of 30% according to Prandtl number value.
Abakr and Ismail [43] Validation Quantitatively comparison The temperature difference in the SS and the water productivity calculated from numerical solution are compared with the experimental measurements with maximum error of 17.4% and 7.14% for temperature difference and water productivity respectively.
Setoodeh and
Rahimi [44] Validation Quantitatively comparison The water temperature calculated from numerical solution are compared with the experimental measurements with average error 9.98%.
Panchal and Shah [45] Validation Quantitatively comparison The water temperature, glass cover temperature and water productivity calculated from numerical solution are compared with the experimental measurements with average errors for production rate and water temperature are 6.0% as well as 10.25% respectively.
Panchal and Shah [46] Validation Quantitatively comparison The water temperature and water productivity calculated from numerical solution are compared with the experimental measurements with average errors for production rate and water temperature are 12% as well as 8% respectively.
LeFevre [47] and LeFevre et al. [48] Validation Quantitatively comparison The results of Nu of the present study are compared with various existing Nu correlations such as Dunkle [15] , Clark [68] , Farid and Shawaqfeh [17] , Kumar et al. [69] and Shruti [70] with less than 37% error.
Badusha and Arjunan [49] Validation Quantitatively comparison The results of water productivity, water temperature, evaporation and convective heat transfer coefficients of the present study are compared with the experimental measurements with average errors for water productivity, water temperature, evaporation and convective are 15%, 2.57%, 5.5% and 3.01% respectively.
Gokilavani et al. Rahbar et al. [53] and Bafghi et al. [54] Verification Quantitatively comparison The water productivity obtained from numerical solution has been compared with the experimental data for a given geometry reported by Islam and Fukuhara [71] . The results show that CFD simulation can predict mass productivity within the range of 15%.
Maheswari et al.
[ Rashidi et al. [62] Validation Quantitatively comparison The hourly productivities of the their study are compared with the published data by Rashidi et al. [67] with maximum error of 16%.
Studies related to SS thermo-fluid modeling
In this section we review some of the important studies and research that has been accomplished during the past few years and was directly related to the numerical modelling and analysis of thermo-fluid domain in SS and may help us to understand as well as control it. The gas injection method has a direct impact on the boundary layer flow in the vicinity of the surface which led to a significant impact on the heat transfer rate [74] . Hamed et al. [75] studied numerically the augmentation of heat and mass transfer between a gas and liquid phase by injection of various gases through water bed such as air, carbon dioxide and helium. They found that the coefficients of mass transfer improve with the increment of injected gas molecular weight. Ezzat et al. [76] introduced experimental and numerical studies of the impact of injected air bubbles on the HTC through the water flow in a vertical pipe under the influence of uniform heat flux. Their results showed that the impact created by air bubbles plays an important role on heat transfer improvement and temperature trends. They found that averaged Nu augmentation was 33.3% and 23% in numerical and experimental, respectively. El-Said and Abdulaziz [77] studied numerically a solar-based thermo-electric generator utilization for dry regions. Their method was in view of air humidification by injection through saline water bed utilizing two dimensional model and CFDRC commercial CFD code.
Surface vibration will be able to augment the heat transfer rate. This method is very useful in natural convection since it changes the heat rejection mode to forced convection. Also, fluid vibration useful in the heat transfer rate augmentation and more practical than surface vibration since it has no negative impact on the structures of heat exchange devices. This method is very useful for low Reynolds number forced convection flows [78] . Duan et al. [79] numerically investigated the heat transfer augmentation mechanism of planar elastic tube bundle by flow-induced vibration in view of a two-way fluid structure interaction unsteady and three-dimensional model. Results show that the oscillating relative velocity was a crucial factor for heat transfer augmentation by 11.43%. Talebi et al. [80] investigated numerically the impact of upper surface oscillation on natural convection heat transfer in a cylindrical enclosure filled with air is by the FDM. They showed that augmentation of HTC can be up to 175% by inducing ultrasonic waves.
Conclusions
This paper provides a comprehensive, up-to-date review in a chronological order on the research progress made in SS performance prediction and analysis in addition to design improvement and development by utilizing numerical simulation as a tool. Finally, some suggestions for future work are introduced. Therefore, the present study cannot only be utilized as the starting point for the researcher interested in the SS cavity numerical simulation, but it also includes recommendations for future studies on this important subject. In view of the review and discussions, the following could be concluded;
1. CFD is a powerful tool to solve the complex fluid, but have a critical drawback related to its solution's accuracy, which only high for the physical models on which they are based. 2. Recent numerical studies on SS have opened a new research direction which complements the traditional experimental approach. Direct numerical simulation of these phenomena requires water-vapor interface tracking and accurate prediction of interface transport processes. 3. The impacts of adding nano-particles to the basin water of SSs need more attention because his significant role in the SS performance augmentation. 4. Usage of CFD method has ability to determine the local entropy generation in the domain. 5. The inclusion of the turbulence equations in the numerical modeling had its major impacts for the cases where the tilt angle of the glass cover took a value about 60°. 6. The turbulence models used in numerical modeling of previous computational studies introduced an accepted result with maximum error from 4.35% to less than 37%.
Recommendations for future studies
This study will address new points include some of the suggestions of future research directions, which will be expected to be the research focus in the coming years. Analysis and prediction of SS performance can be done utilizing the following:
1. Further investigation is required in order to study the impact of the different parameters such as the inclination angle of the glass cover, absorptivity of the basin water, gap distance between the glass cover and bottom. 2. In order to generalize the impact of various parameters on the performance of SS, various types of performance correlations can be generated by utilizing the CFD model of SS. 3. Geometry optimization of the SS can be performed by the CFD modeling of SS. 4. CFD analysis of a SS consisting of a separate condenser section can be conducted in order to augment the productivity SS. 5. Complex designs of SS such as still having corrugated basin, wick type SS and still having water flowing over the glass cover can also be modeled by utilizing thin film flows in CFD tools. 6. More improved models can be utilized to accurately simulate the thermo-fluid model in a SS cavity such as Euler's model for multi-phase would provide highly accurate results. 7. A more studies and quantitative model for cases such as phase change materials (PCM) heat storage integration with SS are needed, which provides insight into the temperature, the velocity and the phase distribution and to find a more accurate correlation of its impacts.
8. Impact of salinity on the productivity of SSs should be carried out. 9. Recently, the impacts of air or other gases to the basin water of SSs have been investigated experimentally and theoretically many researchers [81] [82] [83] [84] [85] [86] [87] . CFD simulations of different types of SSs where different gases have been injected in the basin water could be studied. This field of study will play an important role in future works, since gas injection applications in thermal systems are developing day by day. 10. The performance augmentation of a SS coupled with vibratory excited have been investigated experimentally and theoretically by Eldalil [88] and [89] . This field of study will have a good potential for future works, since the vibration impact on thermal applications in thermal systems are in continuous evolution. 11. CFD studies should be done on the impacts of internal and external reflectors on the SSs performance. 12. The performance augmentation of a modified still with porous fins has been investigated experimentally and theoretically by Srivastava and Agrawal [90] . This field of study will have a significant effect on SS development of future research activities. 13. A comparative study about the impact of different turbulence model for various operating conditions are needed for more accurate and practical numerical solutions. 14. Further investigations are necessary to explain and minimize the inconsistencies between the computational codes and to identify the best models. 
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